Fritillaria imperialis L. can be forced as a cut flower or as a potted plant. This bulbous plant, native to the region between Turkey and India, needs storage at 25°C from lifting of the bulbs in June until mid September for flower initiation. Flower formation takes place from mid September to mid October. To obtain a good flowering plant with sufficient stem length a cold period is required. The aim of this study was to determine the effects of cooling temperature and duration on flowering and stem length in relation to flower formation. Preliminary studies indicated that cooling at 9°C for 13-17 weeks resulted in very short, flowering plants whereas cooling at 2°C resulted in tall plants with aborted flowers. After storage at 25°C bulbs were planted and cooling was started at mid September or mid October at 9°C (12-3 weeks), followed by 3 weeks of 5°C, and a period of 2°C (3-12 weeks). The total cold-treatment amounted to 15 or 18 weeks. When cooling was started mid September (beginning of flower formation) a period of at least 6 weeks at 9°C was necessary to obtain good flowering quality. These cooling temperatures had no influence on flowering when cooling was started mid October (flower formation finished). It is concluded that a cold regime starting mid October of 12 weeks at 9°C + 3 weeks at 5°C + 3 weeks at 2°C results in good flowering short plants, whereas a cold regime of 3 weeks at 9°C + 3 weeks at 5°C + 12 weeks at 2°C results in good flowering tall plants.
INTRODUCTION
Fritillaria imperialis L . (Crown Imperial), a Liliaceae, is native to the region between South Turkey and Northwest India (Kashmir). In summer, during the dry hot summer the plants are dormant and in spring, after a cold winter they will flower. There is a market for this product as a cut flower or potted plant, but in small experiments growers were not successful in forcing this bulb.
In a preliminary study with Fritillaria imperialis L . 'Aurora' it was found that cooling during 13 to 17 weeks at 2°C and forcing them in a greenhouse at 12°C from 14 January resulted in aborted flowers and a stem length of 61 to 69 cm (unpublished). When bulbs were cooled at 5°C during 13 to 17 weeks and forced under the same conditions it resulted in aborted flowers and a stem length of 69 to 78 cm. However, when bulbs were forced under the same conditions after 13 to 17 weeks cooling at 9°C there were good flowers and some aborted flowers with a stem length of 9 to 13 cm. The stem between the leaves and the flowers was not elongated and the flowers stood upright between the leaves instead of the normal pendulous position. The increase of the cooling period from 13 to 17 weeks resulted in a small increase in stem length. When the bulbs were forced one month later the results were similar. In this experiment cooling started between 17 September and 12 November. Flower formation of the bulbs stored at 25°C had not yet started on 15 September but had begun on 1 October. The results of this preliminary study indicated that cooling at 2°C or 5°C was necessary for stem elongation and cooling at 9°C for flower development.
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In the following research we investigated how Fritillaria imperialis L. respond to different cooling temperatures and duration of cooling in relation to flower formation at the time the cooling was started.
MATERIALS AND METHODS
Bulbs of Fritillaria imperialis L. 'Aurora' or 'Rubra Maxima' were used with size 22/24 cm circumference. These bulbs obtained from b ulb growers, were placed in a storage room at 25°C upon arrival at the Research Centre on 8 or 22 July until cooling started. Flower formation was studied with a binocular on 1 and 15 September, and 1 and 15 October. On each date five or six bulbs were examined. When cooling was started, each bulb was planted in a (3 l) pot, in a mixture of peat and sand (Frozen Peat 40%, Peat Litter 20%, Finn Peat 20% and sand 20%) and watered.
Experiment 1
For this experiment Fritillaria imperialis L . 'Aurora' was used. Cooling was started 17 September, 1 October or 15 October. All bulbs were cooled during 4 weeks at 9°C, followed by 4 weeks at 5°C and finally 5, 7 or 9 weeks at 2°C. The total duration of cooling was 13, 15 or 17 weeks. After cooling, the pots were placed in the greenhouse at 12°C at different dates depending on the duration of the cooling period.
Experiment 2
For this experiment Fritillaria imperialis L. 'Rubra Maxima' was used. Because of it's larger flowers this cultivar is considered to be more desirable as a commercial product than 'Aurora'. Duration of cooling was 15 or 18 weeks. Cooling during 15 weeks was given as 3-6-9 weeks at 9°C followed by 3 weeks at 5°C and finally 9-6-3 weeks at 2°C. Cooling during 18 weeks was given as 3-6-9-12 weeks at 9°C followed by 3 weeks at 5°C and finally 12-9-6-3 weeks at 2°C. When cooling started on 15 September, the pots were brought into the greenhouse on 29 December (15 weeks) or 19 January (18 weeks). When cooling started on 13 October, the pots were brought i nto the greenhouse on 26 January (15 weeks) or 16 February (18 weeks). The greenhouse temperature was set on 18°C.
RESULTS

Flower Formation
For flower formation the abbreviations of Beyer (1942) were used (Table 1 ). In general, flower formation was first visible when two or more primordia were observed. First, each flower formed three outer petals followed by three inner petals. Then three outer stamina and three inner stamina were formed. Finally a stigma was formed. When all flower primordia were formed a tuft of leaves was formed.
Flower formation was never observed on 1 September (Table 2) . Depending on cultivar and year, the flower formation started between 1 September and 1 October. On 15 October the most developed flower of each bulb had always reach stage G. In most bulbs all flowers were in stage G at that date. The number of flowers observed per bulb were 9 to 11 for 'Aurora' and 5 to 6 for 'Rubra Maxima'.
Forcing
In experiment 1, more flowers were observed when cooling started on 1 October or later compared to start cooling on 17 September (Table 3) . It is remarkable that bulbs cooled from 17 September, when flower formation had not yet started, were nevertheless able to produce some flowers per stem. The duration of the cooling had no effect on the number of good flowers. The length of the flower stem increased with longer cooling period, i.e. cooling at 2°C. There was no difference in stem length between dates cooling was started.
In experiment 2 there was an effect of cooling temperature o n the stem length (Figure 1 ). Stem length increased with an increasing cooling period at 2°C. Further, a cooling period during 18 weeks resulted in a longer stem than a cooling period during 15 weeks. The starting date of the cooling had no influence on the stem length. There was also an effect of the cooling temperature on the number of good flowers (Figure 2) . When a cooling period of 15 weeks was started at 15 September, cooling at 9°C for 3 or 6 weeks caused flower abortion, whereas cooling at 9°C during 9 weeks resulted in good flowers. When at 15 September a cooling period of 18 weeks was started, more than 3 weeks at 9°C had to be given in order to get a high number of good flowers. When cooling was started at 13 October, cooling temperature and duration had no influence on the number of good or aborted flowers.
DISCUSSION
Flower formation in Fritillaria imperialis started around mid September. This is much later than other spring flowering bulbs like Tulipa. When cooling of Tulipa bulbs is started before flower formation is finished (stage G), flower abortion will occur. However when cooling of Fritillaria imperialis bulbs was started mid September before flower formation was finished or even before flower formation had started, this could still result in a flowering plant. In that case it was necessary to start cooling at a 'higher' temperature (9°C) for at least 9 weeks when the total cold period was 15 weeks, or for at least 6 weeks when the total cold period was 18 weeks. When cooling started mid October, after flower formation, only 3 weeks at 9°C cooling as a start was enough for good flowering.
For stem elongation, bulbs needed to be cooled at temperatures below 9°C. When a cooling period at 9°C was substituted for cooling at 2°C the stem length increased considerably. When bulbs were cooled during a longer period at 9°C and a shorter period at 5°C and 2°C (i.e. 9 or 12 weeks 9°C + 3 weeks 5°C + 3 weeks 2°C) a short flowering plant was produced with an elongated stem between leaves and flowers. It is concluded that for a good flowering plant a cooling period of at least 15 weeks is necessary in which the cooling temperature is gradually lowered from 9°C to 2°C. Cooling during a long period at 9°C and a short period at 2°C will result in a pot plant, whereas a short period at 9°C and a long period at 2°C will result in a suitable cut flower. Figures e
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